Development of primary adenomas and carcinomas in the small intestine of humans is a rare event." The low frequency of neoplasia in this part of the gastrointestinal tract has been considered surprising given the high incidence of tumorigenesis in the oesophagus, stomach and large bowel. The scarcity of small bowel cancers has consequently resulted in limited information regarding the clinical, pathological and biological characteristics of such malignancies.
The establishment of continuous cell lines from human cancers has provided the potential to study aspects of the biology of various tumours, and to identify specific genetic alterations present in the neoplastic cells which are not confounded by the stromal elements. However, as many tumours exhibit considerable heterogeneity, it is necessary for studies to be carried out on a number of different cell lines, in order to obtain a panel of data which may illustrate the mechanisms which underlie the disruption in growth control and differentiation which characterise malignant neoplasms. For this reason there is a perpetual requirement for novel cell lines for experimental purposes, in the hope that new data may be generated which contribute further to our understanding of the causes and behaviour of cancers.
Immortalisation, which sometimes occurs during cellular transformation in vitro, is a property which is a prerequisite for the establishment of a continuous cell line from a primary culture. Unfortunately, this only occurs spontaneously in less than 10% of tumour cell cultures.3 If, however, immortalisation does occur, then this provides an opportunity to establish cell clones from the primary culture for subsequent characterisation. Characterisation typically involves determination of morphology, nutritional requirements, growth rates, differentiation properties, immunophenotype, ploidy, karyotype, and DNA fingerprinting.34
In this report we describe the establishment of two continuous cell lines derived from a primary adenocarcinoma of the duodenum.
Methods

INITIATION OF THE PRIMARY CULTURE
A duodenal tumour was obtained from a 45 year old man at the Hammersmith Hospital, London. A 1 cm3 sample of tumour was taken and placed in sterile, ice cold phosphate buffered saline (PBS; pH 7-2), and thin slices adjacent to the tumour were fixed in 10% formal saline (10% formaldehyde (v/v) in 0 9% sodium chloride), embedded in paraffin wax and processed routinely for histology. Tissue sections of the sample showed a moderately differentiated duodenal adenocarcinoma invading the intestinal wall and through into the pancreas.
The tumour sample was divided into four portions, each placed into a 10cm Petri dish (Nunc, Roskilde, Denmark), washed thoroughly in cold (4°C) PBS and finely chopped using crossed scalpels. Five millilitres of warm (37°C) Dulbecco's Modified Eagle's Medium (DMEM) supplemented with 10% fetal calf serum (FCS); 10 tg/ml insulin (Sigma, Poole, Dorset, UK); 5 ,ug/ml hydrocortisone (Sigma); and 0-6 mg/ml glutamine was added to the minced tissue and pipetted vigorously to obtain a fine suspension. The suspension was seeded into 10 Petri dishes (five 1 x 5 and five 1 x 10 cm) and incubated at 37°C with 10% CO2 in air. After 48 hours, the medium was aspirated and all adherent cells were washed thoroughly with cold (4°C) PBS, growth medium (as above) was added and the dishes incubated as normal for seven to 10 days, after which discrete colonies of cells had formed.
CELL CLONING AND PROPAGATION
Each colony of cells exhibiting a distinctive morphology was selected using the cloning ring technique3 and expanded by seeding initially into 24 well plates and subsequently into six well plates. The resultant cell suspension was then seeded into 25 cm3 culture flasks (Nunc) standing vertically. Once confluent, the cells were trypsinised (0 25% trypsin in versene), the flask laid horizontally and incubation was continued until confluent. Using this method, five clones were isolated and subsequently expanded. Only two of the original five clones were viable after one month in culture and these were named according to their morphology, DAC/S (duodenal adenocarcinoma/spindle) and DAC/E (duodenal adenocarcinoma/epithelioid). and proliferated for four passages without added serum.
Ultrastructural analysis revealed long microvilli; on higher magnification, interdigitation of these microvillous processes of adjacent cells was observed but no junctional complexes were seen ( fig 2B) . Both DAC/S and DAC/E had large nuclei with a high proportion of irregularly distributed euchromatin and large nucleoli with an unusual organisation which secmed to contain variable densities of RNA (fig 2A) Table 2 summarises the immunocytochemical profiles of both cell lines. Figure 4A shows the moderately well differentiated adenocarcinoma, from which DAC/S and DAC/E were derived, invading deep into the stbmucosa and muscularis propria of the duodenum.
Both cell lines express cytokeratin and vimentin (figs 4B and 4C, respectively) illustrating the characteristic filamentous nature of these proteins. Figure 4D shows the membrane specific localisation of 31 integrin on the C E .% .00", i -.
group.bmj.com on December 18, 2017 -Published by http://mp.bmj.com/ Downloaded from epithelial cell line T47D. Interestingly. such membranous expression is not reflected in the DAC/S or DAC/E cells where the integrin subunits ct2 and 11 seem to be located predominantly within cytoplasmic granules (figs 4E and 4F). Both cell lines are intensely positive for carcinoembryonic antigen (CEA) (figs 4G and 4H), which is also distinctly located within granules widely distributed throughout the cytoplasm of the majority of the cells.
In summary, we propose that DAC/S are rapidly growing 5N cells with a spindle morphology capable of serum free growth. They seem to be anchorage dependent, are not tumorigenic in nude mice but display extensive, poorly organised growth in Type I collagen. Immunophenotypic analysis suggests an epithelial (cytokeratin positive), de-differentiated (CEA positive) phenotype. DAC/E cells have similar properties, except that they are epithelioid, are slow growing and senesce when cultured in collagen.
Discussion
Primary adenocarcinoma of the duodenum is a very rare lesion, constituting only about 03% of all gastrointestinal cancers,' 2 and consequently data concerning the cellular and molecular properties associated with such tumours are very limited. We have established two cell lines, DAC/S and DAC/E, from a primary duodenal adenocarcinoma, which have subsequently been characterised to determine their origin and tumorigenic potential.
DAC/E cells have a regular, polygonal morphology and grow as monolayers with each cell having a well defined boundary with adjacent cells when confluent (fig 1 B) . This morphology is characteristic of epithelial cells, in sharp contrast to DAC/S which are spindle shaped and form parallel arrays and whorls on confluency (fig lA) .
Ultrastructurally, both cell lines have an unusual complement of morphological characteristics with long, extensive but irregular microvilli a prominent feature. Microvilli are usually uniform in size and regularly arranged, although they may be drastically deformed in some pathological conditions, particularly adenocarcinomas.5 Cells containing large abnormal mucus vacuoles were observed, suggesting that these cells have a secretory function, as would be expected of cells derived from glandular tissue. The mucus of normal cells is usually of a more electron dense nature from that seen here, and the presence of severely distorted vacuoles is abnormal.5 The nuclear characteristics of DAC/S and DAC/E cells are also unusual. Nuclei with large, coarse clumps of heterochromatin with invagination of the nucleus ( fig 2B) is a common feature of neoplastic cells.5 Enlarged, distorted nucleoli, characteristic of adenocarcinoma cells, are also evident.
Both cell lines also varied in their growth requirements, which was exemplified by the ability ofDAC/S to grow in serum free medium. This indicates that the cells are capable of secreting essential growth factors which could act in an autocrine/paracrine manner, which further reflects the less well differentiated DAC/ S phenotype. Such properties indicate a decreased ability to respond to regulatory environmental cues, a common feature of neoplastic cells, and it would be interesting to determine the putative growth factor(s) involved in this autocrine/paracrine mechanism. In contrast, DAC/E required supplementation with FCS, insulin, glutamine and hydrocortisone for optimal growth. This is indicative of a better differentiated phenotype, in that these cells will only respond to appropriate growth stimuli, similar to the situation experienced under normal in vivo conditions.
The population doubling time (PDT) of DAC/S is approximately 24 hours, which is comparable with normal epithelial cell lines. 3 The relatively slower PDT of DAC/E is unremarkable in that tumour cell lines derived from other regions of the gastrointestinal tract have been shown to vary greatly in their growth rates, from 12 to 273 hours. 6 Ploidy analysis was performed to determine the DNA content of both cell lines. Naturally, all normal cells within the gastrointestinal tract are diploid, but both DAC/S and DAC/E have a predominant ploidy of 5N. These cell lines could be further analysed by karyotyping and genetic fingerprinting. However, 65% of colorectal cancers are aneuploid, with many cell lines derived from such lesions having variable karyotypes. 7 Collagen gel can provide a suitable matrix for the morphogenesis of primitive epithelial structures such as glands and, indeed, in vitro studies of this nature have been successful in inducing glandular differentiation.8'0 DAC/S proliferated and grew rapidly in collagen, yet this growth seemed to occur in a random fashion with no evidence ofany attempt at glandular differentiation even when the cells were closely associated in clumps. In contrast, DAC/E cells showed no obvious interaction with the collagen, possibly because of their requirement for a more complex support matrix such as Matrigel, which may be more effective at inducing differentiation.
The assessment of anchorage independent growth in agar showed both DAC/S and DAC/ E to be non-viable in such a system. Generally, anchorage independent growth shows a high correlation with tumorigenicity, " though only a very small proportion (<1 %) of tumour derived cells are clonogenic in semi-solid media. This is because agar seems to enable only the most highly malignant cells to clone. '2 Both cell lines were non-tumorigenic when xenografted into nude mice, which was disappointing but not surprising considering that the frequency of "takes" (that is, growth of transplanted tumour in the host) is, on phenotype.'8'9 Moreover, the ,B1 and at2 integrin subunits are clearly confined to cytoplasmic granules in DAC/S and DAC/E cells, suggesting a defective intracellular receptor translocation mechanism. In addition, neither of the cell lines expressed the cell adhesion molecule E-cadherin, a protein normally associated with all normal epithelia, but which is frequently lost in carcinomas. The absence of E-cadherin immunoreactivity in DAC/E and DAC/S could be a result of the loss of the HECD-1 epitope through mutation or deletion. It may be connected with the inability to form colonies in soft agar because of the lack of intercellular cooperation. 
